Advanced HIV infection is frequently complicated by diarrhea, disruption of bowel structure and function, and malnutrition. Resulting malabsorption of or pharmacokinetic changes in antiretroviral agents might lead to subtherapeutic drug dosing and treatment failure in individual patients, and could require dose adjustment and/or dietary supplements during periods of diarrheal illness. We determined the plasma levels of antiretroviral medications in patients that had already been started on medication by their physicians in an urban infectious diseases hospital in northeast Brazil. We also obtained blood samples from patients hospitalized for diarrhea or AIDS-associated wasting, and we found reduced stavudine and didanosine levels in comparison with outpatients without diarrhea or wasting who had been treated at the same hospital clinic. There was a predominance of the protozoal pathogens Cryptosporidium and Isospora belli, typical opportunistic pathogens of AIDS-infected humans, in the stool samples of inpatients with diarrhea. We conclude that severe diarrhea and wasting in this population is associated with both protozoal pathogens and subtherapeutic levels of antiretroviral medications.
Both acute and chronic diarrheal illnesses, together with malnutrition and wasting ("slim disease"), are frequent complications of advanced HIV infection in the developing world [1] . HIV is recognized to alter both the structure and the function of human small intestines. This may occur due to direct viral enteropathy, or secondarily as a result of opportunistic infection. Histologically, villous blunting and inflammation are commonly seen in patients with AIDS or parasitic infection, especially those infected with Cryptosporidium [2] . These structural changes are accompanied by important functional changes in absorption. For example, the lactulose/mannitol urinary excretion ratio, a commonly used measure of transcellular and paracellular permeabilities, is significantly altered in HIV-infected individuals without diarrhea in comparison with non-infected controls [3, 4] . In one study [4] , a subset of patients with Cryptosporidium oocysts identified in the stool had a 7-fold increase in this ratio, reflecting profound derangement of intestinal function. Patients with cryptosporidial diarrhea also have an almost 50% reduction in jejunal-cecal transit times [5] . We found subtherapeutic peak plasma levels of antiretroviral medications in patients with AIDS-associated diarrhea and wasting in Northeast Brazil. We also found both human and bovine subtypes of the pathogen Cryptosporidium parvum in these patients, as well as two patients with undetermined species of Cryptosporidium.
Materials and Methods
Study Location. The São Jose Hospital is a state infectious disease hospital in urban Fortaleza, Brazil. It is the only provider of dedicated care to the HIVinfected population, through its inpatient and outpatient services. Its catchment area includes both the capital city of 2.5 million and the remainder of the State of Ceará, a relatively arid region of northeast Brazil. Cryptosporidium is hyperendemic as a diarrheal pathogen of both immunocompetent children [6, 7] and in patients with AIDS in this region, particularly during the rainy season, which is when this study was conducted (Feb-Mar, 2000) .
Subjects. Volunteers were recruited from the hospital's inpatient AIDS ward and from the hospital's outpatient ambulatory clinic, which serve a large population of HIV-infected individuals. Written informed consent was obtained and the project was approved by the Human Investigation Committees of the Federal University of Ceara, the Sao Jose Hospital, and the University of Virginia. Entry criteria included the ability to give informed consent to participate and a history of a positive serological test for HIV together with at least one AIDS-defining illness. Diarrhea/wasting subjects were inpatients who reported diarrhea [defined as three or more stools with decreased consistency] during at least eight of the ten days prior to enrollment, or intermittent diarrhea for two weeks over the two months prior to entry together with a weight loss of greater than 10% below baseline during those two months.
Approximately three patients per week with diarrhea and wasting were admitted to the hospital during this period. About two thirds of these patients met entry criteria and were invited to participate; all did so. Controls were outpatients with a history of a serological HIV test and an AIDS-defining illness, but who had experienced no diarrhea or weight loss in the preceding two months. All subjects had been receiving the antiretroviral regimens indicated by their physicians during at least four dosing intervals before the samples were obtained. Treatment regimens and patient demographics are outlined in Table 1 . However, each medication was not sampled in every patient due to differences in the timing of peak plasma levels. As assays were not available for all medications, it was decided to concentrate resources on the nucleoside analogs. Exclusion criteria were (1) women who were pregnant, nursing, or not practicing effective contraception, (2) inability to give informed consent, and (3) evidence of severe hepatic disease or renal failure. Chart review and patient interviews were used to compile baseline descriptive characteristics.
Laboratory. Diarrheal pathogens from inpatients with diarrhea and wasting were identified whenever possible by microscopy of stool specimens and by stool culture at the hospital laboratory and/or at the Clinical Research Unit. Stool samples were promptly frozen at -80 o C for genetic studies. Medications were provided by the Ministry of Health to the hospital's pharmacy, which supplied both inpatients and outpatients. Therapy prescribed by the patient's treating physician was directly observed and timed (never before the fourth regularly scheduled dose in the hospital), and then phlebotomy performed at the time of predicted peak plasma concentration, based on prior pharmacokinetic studies for each drug provided by a U.S. commercial laboratory (Specialty Laboratories, Santa Monica CA) in order to determine antiretroviral drug levels. Both d4T (stavudine) and AZT (zidovudine) were sampled 35-45 minutes after directly observed therapy. ddI levels (didanosine) were obtained 45 to 65 minutes after administration. 3TC (lamivudine) was sampled 55-95 minutes after oral therapy. Levels of antiretroviral Cryptosporidium Genotyping. Stool samples, were frozen at -80°C and shipped to Boston on dry ice. DNA was isolated by a previously described method [8] . PCR-RFLP analysis at the small-subunit rRNA locus was used to determine the species of Cryptosporidium according to the method described by Xiao et al. [9] . A nested PCR reaction, using previously described primers and conditions, was performed. The final PCR product was digested with Ssp I at 37°C for 1 hour. C1) and Cryptosporidium outer wall protein (COWP) was performed using previously described primers and conditions [10, 11] . PCR products were then digested with Rsa I at 37°C for 1 hour.
Results
Twelve patients were enrolled during the study period, and descriptive data was obtained through patient interview and chart review. Patients with diarrhea and wasting had a more recent diagnosis of AIDS, a weight loss of approximately 25%, a lower median BMI, lower CD 4 counts, and increased viral load (Table 2) in comparison with the outpatients concurrently recruited from the hospital's clinic, who indicated no diarrhea or weight loss. Stool studies demonstrated a protozoal etiology for diarrhea in seven of the 11 inpatients, with Cryptosporidium spp. found in five, making it the most frequently identified agent. Isospora belli was found in two patients, and Strongyloides was present as a coinfection in one patient.
Genetic analysis of stool specimens from the patients in which Cryptosporidium was visually identified in either the hospital or Clinical Research Unit laboratories revealed three cases of C. parvum and one of non-C. parvum. Of the C. parvum isolates, one was of the human (type 1) genotype and two were of the bovine (type 2) genotype. Five additional specimens positive for cryptosporidia by microscopy were obtained from similar inpatients admitted with diarrhea and wasting between November 1997 and August 1998. Genetic analysis of these specimens demonstrated three cases of C. parvum (human genotype), and one contained a non-C. parvum (undetermined species) isolate. One specimen was PCR negative.
Plasma d4T levels differed strikingly between the inpatients with diarrheal illness/wasting in comparison with outpatients receiving treatment at the same hospital (Figure 1) . d4T levels among patients with diarrhea/wasting were subtherapeutic (less than 0.3 mcg/ml) in five of the six patients tested (Figure 1 ). By comparison, outpatients had a higher median peak d4T level (p<0.02; Mann-Whitney U test), with three of three patients near the high end of the therapeutic range. Among the inpatients taking ddI, all four had profoundly low levels with three of the four falling below the detection limit of the assay (<0.1 ug/ml), whereas the one outpatient taking this drug had a higher, albeit still subtherapeutic, level of 0.5 mcg/ml (therapeutic range 1.0-1.3). The patients taking zidovudine (AZT) and lamivudine (3TC) had highly variable levels, but without a discernable trend.
Discussion
At an urban infectious disease hospital in NE Brazil, diarrhea and wasting are associated with low median CD 4 counts, reduced body-mass index, and increased viral load. This syndrome was also associated, more often than not in our small series, with the presence of protozoal enteric pathogens. In the patients with AIDS, wasting, and diarrhea, protozoal pathogens were frequently found, including both human and bovine subtypes of C. parvum, as well as non-C. parvum isolates (of an undetermined species). Specimens obtained from the same patient population in a 1997-1998 study also showed the importance of both C. parvum and non-C. parvum isolates in this setting.
Cryptosporidiosis is an emerging, highly infectious threat to both immunocompetent and immunocompromised patients [12] . Recently, the application of molecular genetics tools to a prior taxonomy based on morphology and host species has led to the demonstration of both new species and an understanding that non-human strains can cause significant human disease [13] . Two recent reports have indicated that non-human cryptosporidioses are significant pathogens in humans. A study of children in a poor urban community in Peru demonstrated that 21% of 85 episodes of cryptosporidial infection in children in this community were due to non-human species. Cryptosporidium parvum (bovine genotype), C. parvum (dog genotype), C. meleagris, and C. felis were identified [14] . None of the children infected with these species were HIV positive. Similarly, HIVinfected individuals participating in a longitudinal study of enteric parasitosis and chronic diarrhea in the United States were found to be infected with non-human types of C. parvum (bovine and dog genotypes) and also with C. felis [15, 16] . As both immunocompetent and immunocompromised individuals can be infected by a variety of cryptosporidial agents, non-human cryptosporidiosis may soon be recognized as clinically important. The two isolates described here were non-C. parvum species, and their identity is currently being determined by sequence analysis at the SSU rRNA locus.
We found substantial relative differences in plasma levels of the antiretroviral medications d4T and ddI in patients with severe diarrhea and wasting. Reduced levels of these medications might occur as a result of increased drug metabolism or excretion, altered distribution within the body's compartments, or highly delayed Tmax (time to maximum plasma concentration). However, we feel that a more plausible explanation is impaired absorption due to loss of mucosal surface area and inflammation. The possibility that the bowel's structural and functional changes due to AIDS and cryptosporidial infection could provoke altered drug levels in the plasma is not entirely unexpected. For example, profound malabsorption of cyclosporine occurred in a study of allogenic bone marrow transplant patients with diarrhea of multiple causes (infectious, graft-versus host disease, and chemo-radiation; ref. 17). The malabsorption was so severe that it led the authors to propose intravenous administration of the drug during periods of gut dysfunction. Reduced plasma levels of antimycobacterial agents have been documented in patients coinfected with HIV [18] [19] [20] . Most of these authors suggest malabsorption as the underlying cause, presumably secondary to enteral disruption. Contradictory findings have been reported in tests of the absorption of zidovudine in patients with diarrhea, wasting, and impaired fat absorption. One study reported a reduced peak concentration (Cmax) and Tmax, but no change in AUC (area under the curve, ref. 21 ). Other authors have found no effect on any measure of AZT level when the patient has diarrhea [22] . Paradoxically, enhanced bioavailability of clindamycin is seen in persons with AIDS, when compared with healthy volunteers [23] . This may result primarily from reduced first-pass metabolism in the gut wall as a similar finding has been reported in patients d4T Levels with celiac disease [24] . Additionally, oral ganciclovir produces a two-fold increase in Cmax and a threefold increase in AUC in AIDS patients with chronic diarrhea and wasting when compared with those without diarrhea and weight loss [25] . Many people in developing countries who are severely ill with HIV infection and diarrheal illness need treatment. Our preliminary findings of low plasma d4T and ddI levels together with multiple cryptosporidial subtypes in Northeast Brazil suggest potential problems with adequate treatment of those most in need. Although our sample size is limited, this work emphasizes the need for further study of the delivery of antiretroviral medications in resource-poor regions of the world. The practicalities of assuring plasma and intracellular levels of antiretroviral medications adequate for virological suppression must be addressed in patient populations where severe diarrhea and wasting ("slim disease") often define AIDS. If indeed malabsorption exists, then viral resistance might result from periodic subtherapeutic treatment and thereby complicate treatment. Transient decreases in drug absorption might be addressed through planned increased oral doses, development of parenteral agents, or the use of dietary supplements [26, 27] to speed the repair of the damaged epithelium and to improve absorptive function.
